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Abstract 
The selection and dimensioning of grippers have so far been done experience-based in most cases. As there are innumerable solutions for the 
gripping of a part, it is quite time consuming to find the optimal gripper for a specific part and task. However, there are few methodologies that 
apply this task, especially considering the flexibility of gripper systems. This paper suggests an approach how to automatically find the right 
gripper linking economical, flexibility and functional criteria.   
 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Scientific Committee of 5th CATS 2014 in the person of the Conference 
Chair Prof. Dr. Matthias Putz matthias.putz@iwu.fraunhofer.de. 
 Keywords: handling; methodology  
1. Background 
Grippers have always been an important topic within 
(production) research, being the technical analogy for human 
grasping. Together with the handling device they are attached 
to, grippers handle, move and sometimes even manipulate 
goods within automated industrial processes using different 
principles to transfer the force of the handling device. 
Hence the gripper is instrumental in terms of a handling 
task being executed effectively. A broken gripper will make 
the whole production system stop. Bearing in mind that 15-
70% of the total cost of a manufactured product is estimated 
to be spent on handling [1], the monetary impact of well 
working gripper systems is significant. The performance and 
durability of the gripper fulfilling a task is thereby strongly 
influenced by how well the chosen gripper and its 
characteristics coincide with the characteristics needed for a 
specific part and task. This is why the gripper, the working 
environment and not to forget the handling device it is 
attached to have to fit perfectly. The mentioned factors have 
many subtopics, some of them also influencing each other, 
which makes the selection and dimensioning of a feasible 
gripper a multi-criteria problem with a high grade of 
complexity [2]. In the industry this process of choosing and 
dimensioning a gripper is mainly done intuitively based on 
experience [2,3]. Considering the complexity of the task and 
the number of grippers on the market, it seems highly 
questionable if grippers always have the theoretically best 
possible fit.  
Consequently, solutions have to be developed to give 
support in finding the right gripper, keeping in mind that the 
gripper itself has to be dimensioned before being able to grip 
goods. A method covering this task would considerably lower 
the time needed to find a suitable gripper, simultaneously 
avoiding extra costs due to not respectively only partly 
appropriate gripping solutions or overengineering. 
2. Goal and approach 
The idea of finding a structured way in how to choose a 
gripper is not completely new, there are several examples in 
literature discussing this topic. As the task is quite difficult 
and complex, different ways of solving it can be found, 
ranging from theoretical frameworks that suggest what steps 
to take [4,5,6,7], to (expert) systems [2,3,8,9,10], using 
software to handle the complexity. A topic often forgotten is 
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that in most cases the gripper has to be adapted for the 
specific task. This applies especially for mechanical grippers 
(parallel grippers e.g.) where the design of the jaws plays an 
important role for the overall performance. A quite simple but 
very effective approach to this challenge is the method of 
Pedrazzoli et al. [11]. Not only research offers solutions for 
the selection process, also several of the gripper 
manufacturers offer tools on their homepages to make it easier 
for the customer to find the right gripper. Of course those 
tools are always restricted to the grippers of the specific 
company and often not very intuitive to use as the user has to 
have at least a rough idea of what kind of gripper he is 
looking for. 
Critically reviewing the mentioned literature leads to 
several points that could be enhanced. First of all none of the 
approaches uses the full potential of current state computer-
aided possibilities that came up in the past years like the 
analysis of CAD data. Second, most of the methods only take 
into account one principle of gripping. It seems inaccurate not 
to check several principles when looking for the best fitting 
gripper system. Every principle has its own specific 
characteristics, which should be compared on the same level. 
As mentioned there is a close link between the 
design/dimensioning of the operational elements (jaws, 
suction cups) and the choice of the gripper itself. This fact is 
neglected in most of the existing approaches.  
Taking a closer look at the currently changing framework 
of production and assembly leads to further requirements. 
More individual products with more dynamic product-
lifecycles cause smaller lot-sizes [12]. This again has a huge 
impact on grippers, them being the link between product and 
production machine. Hence, ways have to be found to 
strengthen the flexibility of gripper systems. In practice, this 
means to be able to grip as many parts as possible with one 
gripper (when needed) without losing performance. 
Nowadays flexibility of the systems is often gained by the use 
of gripper changing systems. These systems allow a fast 
exchange of different grippers by the supply of standardized 
media interfaces. This approach enhances the flexibility but 
has some disadvantages as for instance the space that has to 
be provided for the storage of the grippers not in use. Projects 
at the institution of the authors have shown that a smart 
planning of the task and the gripper can reduce the need for 
additional grippers.  
Summed up, there is a need for a framework to 
automatically compare different grippers to find the one that 
fits the requirements best. The goal is to have a method that 
fully automatically chooses the best fitting gripper based on 
information given by the user. In practice the outcome of the 
method should be a solution neutral description of a gripper 
containing the dimensioning of the operational elements. This 
description could then be opposed to grippers available on the 
market. To reduce the complexity of the task it is practicable 
to implement the tool for the three most common kinds of 
grippers first which are the parallel, the angular and the 
vacuum gripper. The architecture of the method should be 
designed in a way to allow the implementation of other/new 
grippers later on. This applies also to the handling of non-
rigid goods. 
3. Procedure of developing the method 
To develop a method like this, there are four steps to take: 
 
1. Description of the handling system 
 
The description of the system is essential, as this is the 
foundation required to be able to process information 
automatically. Hence the description has to be an integrated 
digital representation covering all attributes influencing the 
gripping process. Chapter 4 gives deeper insights on the 
domains that have to be taken into consideration. 
 
2. Description of the relations between the factors of the 
system 
 
Knowing all the factors that are needed to describe a 
gripping process is not enough to model them in terms of 
optimization towards a specific objective. As in this case the 
different factors somehow interact with each other, it is 
necessary to identify the interactions between the different 
factors. The main problem here is the huge amount of possible 
interactions that have to be taken into account. Methods from 
the field of complexity management like multiple domain 
matrixes could prove to be valuable in order to analyze and 
visualize the links in a structured way. Linking the different 
factors also includes the definition of the inputs that are 
needed for all the calculations, like for instance the 
dimensioning of the operational elements. 
 
3. Definition of objective functions 
 
Defining the objective functions is closely linked to the 
topics of the system description and analysis of the links. To 
establish the objective functions means to build a tree 
structure starting at the required properties of the gripper 
(described by the objective functions) while covering the links 
between all the other factors of the system mathematically. 
The objective of the following solver is thus to please the 
defined objective functions which have to cover economical, 
flexibility and functional criteria. For this operation it is 
important to keep in mind, that the weighting of the different 
factors might be unequal.  
To analyze the system most target-oriented and efficiently, 
it makes sense to define the objective functions before 
describing the rest of the system and its links.  
 
4. Solving of the system 
 
Solving the system means to compare all the gained 
information and the general framework to find the best fitting 
gripper for the system. As described, the main challenge is the 
fact that the different factors interact with each other making 
the task a multi-criteria problem. Tackling problems similar to 
this is the focus of the field of operations research, offering a 
whole bunch of solutions to decide in consideration of several 
criteria [13]. Communality of all the offered methods is to 
transform the (conflicting) objectives of the user to a 
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consistent solution. In order to obtain a solution of the 
problem an appropriate solver has to be identified first.  
There are several examples in literature which describe the 
application of such methods in the field of grippers. Agrawal 
et al. [2] for example used a multi attribute decision-making 
approach for the selection of grippers. Datta & Debb [14] 
determined optimal gripping forces using a multi objective 
decision-making method. Other examples of methods that 
could be used are statistical methods, linear programming or 
genetical algorithms. 
To find the right method for the solution, evaluation 
criteria have to be developed to find the best fitting approach. 
One of them is for sure the speed of processing the data, 
which might be a bottle neck considering the variable 
processes like the dimensioning of the operational elements.  
 
4. Description of the handling system 
Regarding the first and basic step, the description of the 
system, Pham & Yeo [15] defined five domains that are 
necessary to describe a handling process: 
 
1. Environment 
2. Handling device (“robot”) 
3. Part (“component”) 
4. Task 
5. Gripper 
 
As each of these domains interacts with the others, none 
can be excluded from the further analysis. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Domains of a handling system 
 
First estimations using literature and own considerations 
indicated that about 150 factors have to be taken into account 
when choosing and dimensioning a gripper. This shows the 
complexity of the task and illustrates why only the most 
important attributes can be highlighted in this paper. To keep 
track of and to be able to process the system automatically it 
is necessary to develop a structure to describe the system.  
 
4.1. Environment 
The environment covers all the external factors that have 
an impact on the gripper. Examples are physical parameters 
like temperature, humidity or the qualification of the gripper 
to handle food. On the one hand these factors are easy to 
determine for the user, on the other hand they are pretty 
difficult to determine automatically. Hence, this information 
will most likely have to be given to the system manually by 
the user via a questionnaire. As most of the factors in this 
domain are mandatory factors, this offers a possibility to ease 
the search as usually a whole slew of grippers can be excluded 
before beginning with a more detailed search. 
4.2. Handling device 
The handling device is a crucial element of the handling 
process, as it provides the forces the gripper transfers. The 
importance of a strong consideration of the handling device 
lies in the fact that in most cases the device will be the most 
expensive part of the gripping system. Examples for handling 
devices are (automated) devices to move a gripper like for 
instance robots. Important factors that have to be considered 
are the load capacity, the mechanical interface and the costs. 
An example for a case where the handling device might be 
decisive which gripper to take is when there is an existing 
handling device with a specific load capacity. As the gripper 
lowers the possible weight that might be lifted the weight of 
the gripper will be an important factor. This example also 
shows, that there has to be a distinction in the process of 
choosing a gripper according to the fact whether there is a 
handling device or not. As one can see, the interface between 
gripper and handling device is a point that can be examined in 
any grade of complexity. As there are numerous papers only 
covering this task, it seems preferable not to take the choice of 
the handling device into account at this point. The same 
applies to all themes respective path planning which is part of 
different works. 
 
4.3. Task 
The process domain includes all the factors that are needed 
to describe what and how a gripper should perform. Examples 
are the number of parts involved, the cycle time, the 
tolerances, etc. There is a close link to other domains, as the 
process for example describes restricted areas where gripping 
is not allowed. Like in the domain before the grade of 
complexity could be any, as one could include approaches 
like for instance the automatic determination of the sequence 
of an assembly process [16]. In this case it is most likely, that 
the needed information is gathered manually by the user. 
 
4.4. Part 
Besides the gripper, the part is the central part that has to 
be taken into consideration. Accordingly, using CAD data 
offers a huge range of possibilities to gather information 
automatically. This domain collects information like the 
geometrical shape of the part, the material, the weight and so 
on. The further processing of the parameters to make them 
usable is one central part of the framework to be established.  
In particular little attention has been paid to the analysis of 
the part in the past. If at all, the approaches only use really 
EnvironmentHandling device
Operational 
elements
Gripper
Task
Part
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simplified models, which is probably due to the date of origin 
of these works. However, there exist much more possibilities 
with the CAD Systems/Data being available today. It can be 
assumed, that the analysis of the part is central for the quality 
of the later given suggestion of grippers to be used. One 
reason for this is that grippers often have to be adapted to a 
specific part-geometry or part-characteristic. The positions of 
possible gripping points are not only restricted by the part, but 
also by information from the task domain. 
4.5. Gripper 
The accurate description of the gripper has a high 
importance, as it is crucial for any calculations. Besides the 
description of the factors particularly the investigation of the 
consequences of different properties on the complete system 
is central. An example is the definition how different 
properties of the gripper affect the gripping point like for 
instance the opening angle of the gripper or the characteristics 
of the vacuum supply. Another one is the interaction between 
the different grippers and the different operational elements 
and the mode of dimensioning them. This means to determine 
which kind of operational elements fit best with a specific 
gripper. Finding strategies for dimensioning the operational 
elements in a standardized way is one of the core research 
objectives. For this task, the interaction with other domains 
might cause some iteration loops, as the dimensions do not 
only depend on the gripping force but also on the gripping 
point, the material combination part/operational element and 
the gripper just to name a few.  
 
5. Progress of the method 
The approach is based on the CAD model of the part to be 
gripped. The method analyzes all possible gripping points on 
the part also considering where there might be interfering 
objects. For each kind of gripper there is a template what the 
gripping points have to be like, e.g. parallel surfaces for a 
parallel gripper or surfaces with a specific curvature for 
vacuum grippers and so on. Furthermore the gripping points 
are ranked based on factors like their distance from the center 
of gravity of the part. Important is the fact that the program is 
not searching for one gripping point but for all theoretically 
possible ones, covering different gripping principles. This 
distinguishes the approach from most other approaches 
searching for gripping points. One of the advantages of doing 
so is the possibility of comparing the gripping points of 
different parts to be handled in this early stage, which offers 
the before mentioned possibilities of commonalities, a strong 
leverage to enhance flexibility. This is one example for a 
functionality that is hard to do by hand when there are 
multiple parts to handle. The gripping points then are linked 
with other characteristics of the domain “part” like for 
instance the material of the part. Together with the 
characteristics of the other domains “handling device”, 
“process” and “environment” it is then possible to make a pre-
selection of possible grippers (Fig. 2). An example could be, 
that the geometry of the part excludes that a parallel gripper is 
used. This simplifies the further process as the solution space 
is narrowed down. 
The gripping points defined in the first step then lead to the 
second step, which is the dimensioning of possible operational 
elements. The dimensioning should be done automatically 
based on a procedure similar to the one of Pedrazzoli et al. 
[11] considering information of all the domains. When the 
dimensioning is done, the gripping forces, which depend on 
the characteristics of the part, the gripping principle and the 
operational elements are calculated in a third step. An 
additional possibility for future enhancements could be to 
implement a FEM analysis to check, whether the part is able 
to withstand the gripping forces applied by the operational 
elements. Based on the knowledge from the first three steps, it 
is then possible to define solution neutral requirements for a 
set of possible grippers. These requirements then again are 
compared with real grippers stored in a database using 
methods of operations research. In a final step all the possible 
grippers are ranked based on the objective functions also 
considering specific characteristics of the domain “gripper” 
like for instance the costs of the gripper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Process chart of the method 
 
6. Conclusion and perspective 
Choosing and dimensioning grippers is a complex task, 
which could be simplified and fastened by the use of software 
algorithms. As existing approaches do not cover today’s state 
of the art, there is a need for a new CAD-Data based 
approach.  
An example for the application of such an algorithm could 
be the search for a fitting gripper when handling a lot of 
different parts like for instance in the logistics of books.  
On a long-run, also bearing in mind the digital factory, 
such an algorithm could replace the time consuming handling 
experiments performed today. This would also provide the 
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possibility to choose the gripper in an early stage of product 
development without requiring a physical part.  
Thinking further towards cyber-physical systems that are 
said to come up in the next years, algorithms like the one 
proposed in this paper will become essential. In such a 
system, the robot would autonomously decide which gripper 
is needed for a specific part and task using the introduced 
method. 
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